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nJ*. Rand Limited, a British 

Vkduct, London, E.C1, do hereby declare 
tte jDvention, for which we pray thaH 
pte^ may be granted to us, and the method 
fe. J*^* ^ to *» Performed, to be 
^^d^cribed in and by the followhjg 

«5,v^J n A ention ^ concerned with Optical 
&ghUng Apparatus for causing an image to 
b^yiatbfe superimposed on an .external 

n» C !r B f^P 1 ® °f such apparatus is in head- 
fP^y ^sterns for aircraft, in which an 
mdicatto^ of the position and orientation 

Hltif ldm - 8 , r T way on information 

denve^ mamly from the aircraft ILS system 
can be displayed to a pilot superimposed 
on his view of the actual runwav so rfatS 
can mate his landing approach whb <Ln 

tent yisflahty. The display may, of course 
also m clud e ^formation as to^hcraft^: 

ShaSV^^J* avoH *** aecessit/for 
tte pilot lowenng his eyes to the instrument 

panel under these conditions. 
c . A ^° rdin g to present invention, optical 
sighting apparatus for causing an image to 
fPP^ superimposed on an externalfcene 

f n™w?? ^ a ^cave mirror, 

a projection lens substantially at theatre 
of curvature- of the mirror and arranged to 
produce an image of the source at ^prin- 
c^alfocus of the mirror, and a parfi- 
reflectmg inclined plane mirror disposed be- 
tween the concave mirror and the fenTso^ 

duced by the mirror at iimnity to be viewed 
against an external scene. viewea 
lo-J?^ 6 ^ of an optical system of this 
kind is the image produced after reflection 
HPrir~ 



COMPLETE SPEOHCATION. 
Optical Sighting Apparatus. 



of t !* concave and ^Pfrtiall^reflectmginnT6rs 
of one or more of the apertures of 
fg*gg" co^tutu^^pn^ 
aStcaZu* a 1631 ™ a Se which hi suitable 

JSgS? 1 - 34 OT close to the position of tht 
ffiflVSF* I'urthermore, iSS^hf-S 
PJ>pfl is the same size or slightly laraer man 
Sfnn^e of the projecafflen^an^S 

|^W to fea^bfe1 

of S a ^ Vement WithOUt losin * 

toSSfSH^-^j 1 *^ where it is required 
soact ft awaratas into a minimum 
ffiZi J nay 2* conventient to fold the 
opbeal system by the use of further plane 

£ • the , foMln g of the optical path 

n^rminmg the position of «& 2,3 

serein ^VT^ conveniently be the 
screen of a cathode-ray tube and in the an! 
Phcation of the invention to ^rfrcraf t hea& 
up display systems the cath™v w£ 
may be fed with signals from a ^n 
ananged to genemte^in^of f^Sv 
whose position relative to iL au^rSTh 
escalated from information obtatoS from 
the ILS receiver. The image mavhTprLtf^ 
to indicate the actual SaZofH 
way and may be arranged to vLv inVer^lC 
in size with its rangelom the^r^aft y 
The invention will be further desarih^i h v 
way of example with refen^f £ 
panymg drawings, in which ao-om- 
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Figure 1 is a longitudinal sectional eleva- 
tion of an aircraft cockpit showing the 
positfqn .of the pilot, . 

Figure 2 is a graphical representation of 
5 some of the variable parameters involved in 
the application of tWihvention, and 

Figure 3 is a simplified diagram of the op- 
tical arrangement of Figure 1. 
Figure 1 shows the cock-pit of an aircraft 
10 with a pilot 1 viewing the scene before him 
through the wind-shield 2. In front of the 
pilot is the instrument panel 3 and the fly- 
ing controls {which are not shown in the 
- drawing). 

.15 A muror mounting 4 is attached to the 
roof of the cock-pit by a bracket incorporat- 
ing adjusting screws 5 and carries a concave 
mirror 6 metallised on its front surface and 
faring downwards towards the instrument 

20 panel! The mirror mounting 4 also carries a 
folding bracket 7 from which is supported 
a glass plate 8 lightly metallised on one sur- 
face to form a partiaHy-reflectijog mirror 
having about 80% transmission and 20% 

25 reflection, : . - ' 

A cathode-ray tube 9 is mounted trans- 
versely at the top of the instrument panel 
3 with its screen 10 facing a mirror 11 at 
an angle of 45°, positioned so as to reflect 

30 light from the screen 10 through a projection 
lens system 12 in the general direction of the 
pilot An inclined mirror 13 metallised on its 
* front surface reflects this light upwards to- 
wards the concave mirror. 

35 The. cathode-ray tube. 9, lens- system c 12 
and mirror 13 are contained in a blackened 
metal box, the front surface of which- is 
~ prolonged to form a tray 14 surrounding the 
mirror 13, and which acts as a glare-shield, 

40 shielding the pilot's eyes from any direct 
light from the cathode-ray tube or lens. 

In .Figure 3 the same parts as those in 
Figure 1 have been given the same reference 
numerals, but it will be seen that mirrors 11, 

45 13 and 8 and their beading effects have 
been omitted so that the optical co-opera- 
tion of the remaining parts is more ap- 
parent. 

The composite lens 12 forms a real image 

50 15 of the cathode ray tube screen at a posi- 
tion in space which lies in the focal surface 
. of spherical mirror 6, Le. at a distance F M 
from the mirror where F M is half the radius 
of curvature of the mirror. The mirror there- 

55 fore' forms a virtual image at infinity of 
real image 15, which t virtual image is viewed 
by the pilot 1 through semi-reflecting mirror 
8 (Figure 1( superimposed on his view 
through the wind-screen 2. 

€0 The use of the spherical mirror for col- 
limatihg the light permits accurate collima- 
tion over; an area giving the pilot a com- 
paratively large field of view. Precision of 
ccJEmation depends on the fact that any 

65 line through the centre of curvature of the 



mirror is an optical axis of symmetry, and 
little or no spherical aberration is introduced 
\ by the mirror for a. ray of light along such 
an axis. The aberration increases with the 
cube of the tnmimmn distance by which the 70 
ray of light misses the centre of curvature. 

The relay lens 12 is therefore placed close 
to the centre of curvature 16 of the mirror 
so that since the only rays of light reaching 
the mirror are ones which have passed 75 
through the lens, the distance by which they 
have missed the centre of curvature is limited 
by the diameter of the lens. The spherical 
aberration is therefore limited* 

The exit pupil D of the system is the real 80 
image of the lens aperture formed by the 
mirror 6 at a distance V from the mirror. . 
The exit pupil D in practice defines an area 
through which all the rays of light from 
mirror 6 pass and is therefore the position at 85 
which a viewer has the widest angle of view 
possible. Since the rays of light from mirror 
6 are bent by mirror 8, the exit pupil D 
occurs in the plane of the eyes of the pilot 
1 seen in Figure 1, In one arrangement for 90 
instance using a three inch diameter lens a 
four inch diameter exit .pupil is formed. The 
pilot therefore can move ms head from side 
to side or up and down within the exit pupil 
without losing binocular vision of toe 95 
cathode ray tube image. . 

In an aircraft cock-pit the space available 
for the installation or the optical system is 
frequently, limited, so that there may be 
little choice for the dimension V (from the 100 
spherical mirror 6 by way of mirror 8 to the 
pilot's eyes) and dimension U (from the lens 
12 to the mirror 6). For a cathode-ray tube 
of diameter 2,96 inch and a relay lens of 
diameter 2.13 inch. Figure 2 shows curves of 105 
U against Vfor chosen focal lengths between 
Fi*=e8 and 11 of the spherical mirror. There- 
fore if the available dimensions of U and V 
are known, the necessary focal length can be 
approxirnately determined from the curves. 110 
For a particular relay lens; the dimensions 
of U and V fix the size of the exit pupil and 
this is also plotted in Figure 2 for particular 
exit pupil diameters between 2 inches and 
A3 inches. The dotted lines in Figure 2 give 115 
the horizontal field of view available from 
the cathode ray tube. 

Two examples for actual aircraft are 
shown in Figure 2. The VC 10 aircraft 
cock-pit affords values of U and V of 13JB 120 
inches and 25.8 inches respectively. As 
seen in Figure 2 this fixes the necessary 
focal length of spherical mirror at F M =9, 
and gives an exit pupil D of about 4 inches 
diameter and an angular field of view of 125 
•25°. •-• 

For the Trident aircraft, the values of U 
and V are such that F M is about 9.4. exit 
pupil D about 3J2 inch and the field of view 
about 33°. 130 



1.131,293 



It will be appreciated that both these ex- 
amples give excellent fields of view with 
reasonable freedom for movement of the 
pilot s head. Other sizes of cathode ray tubes 
5 and relay lenses will of course alter theper- 
formance of the system. ^ 

«l£L#3?w t « n ' Si ^ na]s obtained from the 
amaaft s JLS receiver are fed to time-base 

10 &^?£ ClrCUltS £ 0t ^own) to form on 
~^f Ql ? Ie 5u y tube sa-^ 10, an image 
? OT ta 5 ^ he P ositioa and orientation of 
a landing step. The size of the image may 
be caused to vary inversely with thl range 
from the aircraft to the landing strip 

.i^L^ftJ* 3 * frf* to aeflecting 
db^tDdes of the cathode-ray tube 9 derived 
from the aircraft compass system and gvro 
verfacal to stabilise the image in space7ola? 
20 rL^^T?^ "^Po^s with the actual 
K S ° f ^ e ra ? w ?y as computed from 
thelLS signals and the aircraft attitude. 

tKo 1 5^., P ^° t ., S f es &e ima 6 B superimposed on 
ttereal world runway so that for instance in 
conditions of poor or intermittent visibility 
he can change substantially instantaneously 
from instrument to visual flying and back. 

WHAT WE CLAIM IS: 

. *• Optical sighting apparatus for caus- 
30 ^L™ P 1 ^ t0 . a ?Pear superimposed on an 
30 external scene, including an image source, a 

'Ka^ a lens substan- 

tially at the centre of curvature of the mirror 
and arranged to produce an image of the 
35 t 2? 08 8t *?• E^Fal focus of the mirror 
^^a^.Partially-reflecting inclined plane 
mirror disposed between the concave mirror 
and the lens so as to enable a virtual image 
of die source produced by the mirror at m- 
unity to be viewed by an observer against 
40 an external scene. 8 

2 Optical sighting apparatus as claimed 
in churn 1, wherein the exit pupa denned by 
T™? 0 * of ^age 01 ^e projection 
45 #5SL3[ ? concave mirror after reflection 
from the plane mirror is located at the posi- 
tion of the observer's eyes. 

3. Optical sighting apparatus as claimed 
m Claim 1 or Claim 2 contained in two 



,^" a dy mounted 1^ one comprising the 
image : source and the projections and 50 
the other the concave mirror and the par- 
tially-reflecting plane mirror. 

4 A head^up display system for an air- 
craft comprising optical sighting apparatus 

£ M ^* m ^y of claims llo3, whereto 55 
said image source carries information relat- 

Sf 2? J£°i i* J 1 ,andin g runway and 
the virtual image of the source is positioned 

5. A head-up display system as claimed 
m claim 4. wherein said image source is a 
campde-ray tube positioned or Adjacent 
the instrument panel of the aircraft and S 

r^Tthrs- P i posi,ioned *« acent « 

• A kead-up display system as claimed 
in claim 5. wherein said partialry-reflectine 
mirror is mounted on a folding bracket 
whereby tt ,s suspended from thTrWofthe 70 
cock-pit and can be folded up against the 
roof when not required. ^ e 

in Jead-up display system as claimed 
in claim 5 or claim 6 wherein said cathode- 
ray tube is positioned with its axis runnine 75 
parallel to the instrument paneT ando^f 
plane mirror is positioned at an angle of 45" 
™i^ s f, reen J°™ to reflect light from the 
screen through the projection lens, and an- 
^Lft S £ Mrn £ is Positioned in the path 80 
of the light from the projection lens to dW 
it up toward the said concave mirror 

8. A head-up display system as claimed 
m any of claims 4 to 7. wherein the image 
source has a diameter of about 3 inches, 85 
the projection lens has a diameter of about 
2 inches, the concave mirror has a focal 
length of about 9 inches, the exit pupil hasa 

rfT™^ °« , mo ? . thai1 3 mch <* Ld die 
observer's fieM of view is greater than 25* 90 

.y. A head-up display system substan- 
tially as described hereinbefore with refer- 
Ijo^to^e drawings accompanying the 

For the Applicants, 
P. A. MICHAELS 
Qiaitered Patent Agent. 
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